The present study reports measurements of the corrected bromide space (CBS) in 74 neonates delivered vaginally and studied within 24 h of birth. The results in 37 normally grown (NG) infants ranging in birth weight from 960 to 3,540 g with gestational intervals of 27-43 weeks are contrasted with findings in 37 intrauterine growth-retarded infants (IGR) ranging from 1,000 to 2,460 g in birth weight with gestational intervals of 35-44 weeks.
Introduction
One of every three neonates of low birth weight represents the sequelae of impaired intrauterine growth [28, 47, 48] . As a result of observations made during the past decade, clinical [46] [47] [48] 55] , chemical [7, 14, 44] , morphometric [42] , metabolic [50] , neurologic [17] , and developmental [18, 55] differences clearly separate these neonates from their weight peers. Clinical observations [14, 18, 44, 46, 47, 55] suggesting poor fetal nutrition have led to the term 'fetal malnutrition' and certain of these findings (dry cracked skin, poor subcutaneous turgor, and diminished postnatal weight loss), as well as an elevated metabolic rate per kilogram of body weight [50] , have been interpreted as suggesting a contracted, hyperosmolal extracellular space in the intrauterine growth-retarded (IGR) neonate [47, 49] . Clinical assumptions of fetal malnutrition with dehydration, hypovolemia, and hyperosmolality are, however, mutually contradictory. Abundant data concerning malnutrition in human infants [1, 4, 13, 16, 25, 27, 33, 37, 38, 40, 45, 52, 56] and in experimental animals [19, 36, 59 ] provide conclusive evidence for an expansion of fluid compartments (when expressed as percentage of body weight) in postnatal protein-calorie malnutrition, the extent of which is directly related to the severity of malnutrition [30, 34] .
With these discrepancies in mind, it has been our purpose to study certain variables of body composition in intrauterine growth-retarded (IGR) neonates. This report presents observations concerning the extracellular compartment as estimated by 3-h bromide dilution studies in 74 neonates that were delivered vaginally and evaluated within 24 h of birth.
Materials and Methods
Catheterization of the umbilical vein, injection of 2 % NaBr, and quadruplicate determinations of plasma bromide 3 h postinjection were carried out in all study infants. The quantity of bromide injected was determined gravimetrically and averaged 74 mg/kg (range: 36-93 mg/kg); concentrations of plasma bromide ranged from 1.0 to 2.5 niM/liter (8-20 mg/100 ml).
Plasma bromide was estimated using a modification of the colorimetric gold bromide technique [61] . Spectral scanning revealed maximum absorption at 350 ra/i and all optical density readings were made at this wave length. A variable rate of color development was observed and serial readings, therefore, were made immediately, beginning with addition of the gold chloride and continuing until diminishing absorption was observed. Coefficient of variation for this technique averaged 5.3%.
The bromide space was calculated from the following formula: 0.90 bromide space (ml) = bromide injected (mg) 3-h plasma bromide cone (mg/ml) 0.95 X 0.934
Correction for Donnan factor was arbitrary (0.95) but correction for plasma water (0.934) was based on the results obtained in this laboratory by drying to constant weight plasma samples from 12 study infants of low birth weight. A final 10 % correction for estimated intracellular bromide (0.90) was used as suggested by the data from CHEEK et al. [8] [9] [10] [11] . Loss of bromide in the urine was assumed to be negligible on the basis of stable bromide concentrations in serum from 3 to 15 h after injection as observed by FINK and CHEEK [21] and confirmed in this laboratory. The age halfway through the study (90 min after bromide injection) was considered study age. All studies were carried out at ambient temperatures between 31.7 and 34.4°. The cord was clamped after the first breath; therefore, study infants received a placental transfusion [7] . Menstrual history was elicited carefully by personal interview at the same time that appropriate informed consent for the study was obtained. Gestational interval was calculated from day 1 of the last normal menstrual period and expressed to the nearest week. Intrauterine growth was estimated by comparison of the observed birth weight of the infant with the average expected weight for gestational age from both the data of GRUENWALD [29] and from our institution [unpublished data]. Infants with birth weights between GRUENWALD'S 1 Oth and 90th percentiles were considered to have grown normally; infants with birth weights more than 2 SD below our expected mean for gestational age, sex, and race were considered to exhibit severe growth retardation. As the GRUENWALD growth data was quite similar to our own, all but two of the severely growth retarded study infants were more than 2 SD below the mean of GRUENWALD'S weight data [29] . Those infants whose birth weight fell below GRUENWALD'S 10th percentile but above our -2 SD limit were considered undergrown or exhibiting moderate growth retardation.
Intravenous fluid therapy was required by clinical circumstances in 16 study infants (9 NG and 7 IGR) prior to or during the study period. Parenteral fluid was more commonly required in true prematures (8/24) than in mature (1/13) or IGR infants (7/37 ). An average of 26 ml isosmolar fluid (range 5-85 ml) was provided in these infants. Four study infants (2 NG, 2 IGR) were fed a total of 30-90 ml of 5% dextrose prior to the study. Corrected bromide space was similar in those 20 infants who received oral or intravenous fluids (420±12.6 ml/kg) to that observed in 
Results

Clinical Characteristics
Race, sex, birth weights, gestational intervals, and physical characteristics of the 74 infants in the study have been summarized in table I. The birth weights of 37 neonates were appropriate for their gestational age. Twenty-four of these normally grown (NG) infants were premature babies: average gestational interval was 32 weeks, and mean birth weight was 1,855 g. Intrauterine growth retardation (IGR) was present in 37 infants. These infants were predominantly mature (mean gestation, 38 weeks) but in birth weight and other physical characteristics the IGR group was almost identical with the NG premature group. Birth weight of the IGR infants averaged 65 % of expected weight and 91 % of expected length.
Birth weights of the 74 infants in the study have been plotted with reference to their gestational interval ( fig. 1) . The expected lower range of normal intrauterine growth, as estimated by GRUENWALD, has been superimposed on this scatterplot.
Normally Grown Neonates
Table II provides details concerning the relation between the corrected bromide space (CBS), in liters, and a variety of variables of fetal maturity in the 37 NG neonates. A direct relation between CBS and these variables was both apparent and expected. The relation of physical variables other than weight, the use of calculated rather than measurable variables, surface area and gestational age, and the construction of multiple or complex regression analyses have all been considered in the presentation of these data. As summarized briefly in table II, the corrected bromide space appears best related to birth weight. Although estimates of the extracellular space within 24 h of birth are scant in the literature, comparable measurements using bromide and thiocyanate dilution methods are available from 24 mature neonates [21, 26] and 3 infants of low birth weight [21] . These results, along with results of carcass analyses in 19 stillbirths [4, 5, 20, 32] , are combined with our data and illustrated in scattergram form in figure 2. The regression equation and correlation coefficient for the combined data were virtually identical with the figures calculated from our data alone, a finding that was particularly striking in view of the varying techniques from different laboratories and the inclusion of both in vivo and stillbirth studies in the combined data. The concept of relative growth (allometry), initially introduced by HUXLEY [31] and adopted by WEIL [58] , suggests that log-log plotting of these variables may be a more appropriate method of handling these data. Regression expression for this relation is:
log CBS (liter) = 0.912 x log birth wt (kg) -0.371 with a correlation coefficient of 0.98 and sy.x of 0.025.
Careful inspection of figure 2 reveals unequal distribution of individual values above and below the regression line at higher weights. This 'tail-off', in combination with r values of less than 1 for these relationships, suggests a curvilinear or changing relation between total extracellular volume and birth weight. For further analysis of these observations, and also to present these data in such a manner as to be comparable to figures from other investigators, CBS has been (1) CBS (1) CBS (1) CBS (1) CBS (1) CBS (1) CBS (1) Table IV provides details concerning the relation between the corrected bromide space (liter) and a variety of variables of fetal maturity in the 37 IGR infants. As with infants of normal growth, this relation appears best expressed in terms of birth weight. There was no significant difference in the relation between birth weight and CBS in NG and IGR infants (F = 0.218). This is graphically shown in figure 3 where individual values for the IGR infants are overplotted on the linear regression ±2 SE for the values from NG infants. Symmetrical distribution of the values about the mean, and inclusion of all but two within the +2 SE range for NG neonates, indicates that the corrected bromide space of the IGR infants was virtually identical with that of their weight peers.
The data are expressed as percentage of body weight (ml/kg) in figure 4 and table III. In figure 4 , the CBS of 10 'premature' IGR infants (33-36 weeks gestation) and 27 mature IGR infants (37-43 weeks gestation) were superimposed individually on the grouped averages ±1 SD for NG neonates. The higher values in many of the IGR infants were clearly apparent. In 3 of the 10 'premature' IGR infants (30%), and in 10 of the 27 mature IGR infants (37%), corrected bromide spaces were observed of more than 2 SD above the mean for NG infants. The average corrected bromide The data have been analyzed to determine whether variations in cause, severity, or duration of retardation in fetal growth might explain the variance evident in the scatterplots and standard errors of the IGR group. No correlation between CBS and presumed etiology of retarded fetal growth could be detected (table III) . Although a tendency toward higher extracellular compartments was observed in the IGR infants exhibiting more severe weight retardation, statistically significant differences were not observed between the CBS of 'severe' and 'moderate' IGR groups.
Among the IGR infants in this study, 10 neonates demonstrated more severe length retardation than others. In figure 5 , the 27 IGR infants with satisfactory length measurements were grouped according to severity of retardation and their corrected bromide spaces compared; the differences between the two groups are apparent to inspection. In the 10 IGR infants that exhibited the greatest length retardation the average of 468 ml/kg was the highest average CBS/kg of any group studied and was significantly higher than the average value of 395 ml/kg that was shown by IGR infants with moderate length retardation (P< 0.005) (table III) . That this observation is related to the length discrepancy and not indirectly due to the generally lower birth weights of the more length retarded IGR infants is suggested by the following: arbitrary division of the 10 IGR infants showing severe length retardation into 'small birth weight group' (5 IGR with birth weights from 1,000 to 1,660 g-average 1,445 g) and a 'larger birth weight group' (5 IGR with birth weights from 1,760 to 2,460 g-average 2,030 g) resulted in virtually identical CBS/kg for both groups (470 ml/kg in the 'smaller', 467 ml/kg in the 'larger' birth weight groups).
Discussion
Extracellular space estimates in the 37 NG study infants were comparable to values reported by other authors. Expression of this data by linear relation from earlier studies [21, 26] has already been noted in figure 2 . All previous authors of in vivo studies have, however, expressed their results as a ratio standard (percentage of body weight or ml/kg). In these terms, the thiocyanate space measured in four term infants [26] averaged 439 ml/kg, while the bromide space (corrected for estimated intracellular chloride, Donnan equilibrium, and serum water) measured in 20 mature neonates [21] averaged 358 ml/kg. The average CBS value (376±8.4 ml/kg) of mature infants in the present study was quite similar to that [21] obtained using comparable techniques and calculations. An average corrected bromide space of 378 ml/kg was found in the three infants of low birth weight studied within 24 h of birth by FINK and CHEEK [21] but these were rather large 'prematures' (2,380-2,490 g birth wt). The higher average CBS/kg of 424±7.5 ml/kg in our 24 infants of low birth weight was almost identical to that of 8 infants of low birth weight studied within 24 h of birth by CLAPP et al. [12] (423 ml/kg). In their study, as well as those by SMULL [53] and MCLAURIN [35] , data concerning both study infants and measurements were grouped in such a manner that definitive analysis was difficult, while in two other series [22, 23] , infants were all studied more than 24 h after birth.
The present study provided in vivo evidence that confirmed the relation between increasing gestational maturity and a diminishing proportion of body mass occupied by extracellular water. Linear plot of the relation between CBS and fetal maturity shows a 'tail-off' (r<l) that is progressive with increasing maturity, and expression of our data as ratio standards confirms these observations (CBS 424±SE 7.5 ml/kg in the premature infants and 376±SE 8.4 ml/kg in the mature babies [P < 0.001]). Previous studies that suggested this concept have relied on evidence from carcass analyses [5, 6, 20, 32] or have presented grouped averages of results from babies studied 1-90 days after birth [12] . Although circumstances are far from 'normal' when immature neonates are available for-study, the premature infants in this study nevertheless provided a more accurate estimate of normal fetal body composition than results obtained following intrauterine death. Restriction of study age to 24 h or less would also appear to minimize the effects of extrinsic influences on body composition.
The corrected bromide space of the 37 IGR infants was virtually identical with that of their weight peers when expressed in a linear manner ( fig. 3) . With presentation of the data as a ratio standard, however, significant differences between NG and growth-retarded neonates are apparent (fig. 4) . The CBS/kg exceeds the 2 SE limit for NG infants of comparable maturity in 10 of the 37 IGR infants studied. The mean CBS/kg in the 27 mature IGR infants was 419±SE 11.3 ml/kg, higher than any individual bromide space in the 13 mature, NG study infants, save one, and significantly in excess of the average CBS value (376±SE 8.4 ml/kg) of the NG group (P< 0.025). A similar trend, but not statistically significant, was observed in this study when the average CBS/kg of the 10 premature IGR infants (448±SE 28.3 ml/kg) was compared with that of NG prematures (424±7.5 ml/kg). Corrected bromide spaces in excess of 476 ml/kg were observed in 11 study infants, all but one of whom were IGR infants.
Overlap of data fromNG and growth-retarded study infants was largely due to the considerable heterogeneity of results from the IGR infants as reflected by the higher standard errors in that group. Clinical differences between infants arbitrarily grouped as growth retarded may explain this scatter. In IGR infants, a trend toward higher CBS/kg in the more mature or in those with severe weight retardation suggests that certain of these differences may be related to severity or duration of the in utero insult to fetal growth. Support for this speculation is found in the significant differences in CBS/kg observed between the 10 IGR infants exhibiting severe length retardation (468±SE 20.9 ml/kg) and the other 16 IGR infants who showed less length retardation (395±SE 13.5 ml/kg) (P<0.005).
Interpretation of these observations deserves brief comment and speculation. Previous studies in this laboratory estimating plasma volume from 10-min T-1824 albumin space measurements in 110 neonates demonstrated an elevated mean plasma volume in IGR infants with expression of the data as percentage of body weight (ml/kg) [7] . These findings have suggested to us that a relative expansion of the extracellular compartment, similar to that seen in postnatal malnutrition, is present in situations of retarded fetal growth. The data from the present study and studies recently conducted by BIELECKA-WINNICKA [2] , in which increased skin and subcutaneous tissue conductivity in undergrown neonates suggested a state of increased hydration in such infants support this hypothesis. These findings may also be explained on the basis of diminished total body fat in IGR infants, inaccurate assignment of study subjects of IGR group as a result of errors in gestational calculations, and disturbances in the primarily extracellular position of chloride as a result of retarded fetal growth. The IGR infants in this study were carefully selected and those whose mothers had anamnestic inconsistencies concerning date of last menstrual period were omitted from the study. This fact, and our observations of the clinical perinatal course and physical findings of these infants, precluded errors in assessment of gestational maturity. Although absence of intergroup differences in rate of disappearance and time at which stable bromide concentrations were achieved suggested that increased cellular permeability to halide did not factitiously alter the bromide space in IGR infants, definitive data concerning the effects of various disease states and pathologic stresses on chloride distribution are not presently available [9] . The contribution of a reduced total body fat to these results must await concurrent investigations of total body water (TBW) and extracellular water (ECW), comparisons ofintracellular water-to-total body water (ICW/TBW) ratios and, more directly, examination of DNA/noncollagen nitrogen ratios in tissues of these infants and in tissues of animals with experimentally induced fetal growth re-
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CASSADY tardation, studies that are currently underway in our laboratory.
The results of this study are in contrast to the predictions of extracellular deficit based on interpretations of the metabolic studies of SINCLAIR et al. [49] and SINCLAIR and SILVERMAN [50] . The present study clearly demonstrated that the increased metabolic mass per kilogram body weight in undergrown neonates does not result from a loss of nonmetabolizing (extracellular) mass. An alternative explanation for the concurrence of an increased oxygen consumption per kilogram and an elevated ECW/kg may be proposed which predicts loss of nonmetabolizing ICW. Contraction of cell size due to reduction of ICW, as well as diminished total body solids are, in fact, well documented findings characteristic of postnatal malnutrition [25, 37, 38, 54, 57, 60] . The studies of NAEYE [41] [42] [43] and CHEEK [9, 10] , also suggest that alterations in cell size, cytoplasmic volume, and cell number may take place in certain growth-retarded infants.
It should be noted that temporal discrepancies exist between the metabolic studies of SINCLAIR and SILVER-MAN [50] and the present investigation; their metabolic data were collected from babies 2-10 days of age, our studies of bromide dilution were carried out within 24 h of birth. Redistribution or excessive loss of fluid from an extracellular location may reconcile these findings. The literature provides conflicting and inadequate data concerning the early adjustments of extracellular fluid in the perinate [8, 21, 35] . Although unusual loss of ECW would appear unlikely, definitive data on this point are not yet available.
Of final interest is the coexistence of a reduced cell number, an increased metabolic rate per kilogram, a diminished total body weight, and an increased proportion of body weight occupied by ECW that may be explained on the basis of an altered cellular metabolic rate (increased oxygen consumption per cell) ingrowthretarded infants. A similar analogy exists in the data of MONTGOMERY [39] which show that the normal or reduced metabolic rate per kilogram present in postnatal malnutrition rises in a striking manner during the recovery or reparitive phase of the disorder. Concurrent and serial studies of metabolic and fluid compartments, essential to evalute this question, are currently under consideration by SINCLAIR [51] .
Summary
Clinical, metabolic, and developmental observations clearly separate one group of infants of low birth weight, small by virtue of retarded intrauterine growth, from a second group of neonates whose small size is related to early or 'premature' birth. Although a variety of causes and associations have been related to this syndrome, many of the anatomic and physiologic findings in these fetal growth-retarded neonates resemble the changes observed in postnatal proteincalorie malnutrition. The present study reports measurements of the corrected bromide space in 37 growthretarded and 37 normally grown, vaginally delivered neonates studied within 24 h of birth. The corrected bromide space of the growth-retarded infants was virtually identical with that of their weight peers, there being no significant difference in the regression of CBS versus birth weight between the two groups. The average CBS/kg in the growth retardates was, however, significantly higher than the mean for their gestational maturity peers, a finding compatible with recent studies from our laboratory demonstrating an expanded plasma volume per kilogram in fetal growth retardation. These findings, similar to the body water alterations that accompany malnutrition, demonstrate another point of similarity between retarded intrauterine growth and protein-calorie malnutrition.
